INTRODUCTION
A group of bovine herpesviruses having a slow replicative cycle and represented by the prototype strain Movar 33/63 (Bartha et al., 1966) has been established on the basis of serological (WHO/FAO, 1976; Smith, 1977; Straub, 1978) and genomic (Ludwig, 1983) similarities. Strains belonging to this group are geographically widespread and have been reported in Africa (Alexander et at., 1957) , in Europe (Bartha et at., 1966; Luther et al., 1971) and in America (Mohanty et al., 1971) .
Different attempts at classification of bovine herpesviruses have caused confusion in nomenclature, and the Movar group has been referred to as bovid herpesvirus-5 (Smith, 1977) , bovid herpesvirus-4 (WHO/ FAO, 1976; Ludwig, 1983) , and bovine herpesvirus-3 (Roizman et al., 1981) . Recently it has been proposed that these viruses be classified as bovine cytomegaloviruses, due to ultrastructural evidence of cytoplasmic involvement during the process of viral morphogenesis in infected cell cultures (Storz et al., 1984) .
Little is known about the biology of the natural infection, the role in bovine disease and the persistence of these herpesviruses. Previous work in our laboratory demonstrated that experimental inoculation of both cattle (Osorio & Reed, 1983) and laboratory rabbits (Osorio et al., 1982) with a strain of this group of viruses led to the establishment of an infection which was (thymocyte-specific) of 1/8000. The affinity reagent used for 'panning' of B cells was an affinity-purified goat antirabbit IgG (heavy and light chain-specific)F(ab')2 (Cappel Laboratories; cat. no. 0612-3151).
The 'panning" was performed as described by Jackson et al. (1983) , on bacteriological plates which had been coated with the ligand solution. Incubation of the cells to be separated was done at 4°C on a level surface for 1 h. After a first incubation, the non-adherent cells were aspirated and plated onto a second series of dishes coated with the same ligand for an additional 1 h incubation at 4 °C. After the second incubation the non-adherent fraction was removed for further tests. This methodology allowed the selective removal of B or T cells from the single-cell spleen suspensions, resulting in T-enriched or B-enriched populations. Also, through the successive deletion of T and B cells ('double panning') it was possible to prepare non-T, non-B populations. The composition of each of these cell populations is given in Results.
Cell separation by adherence to plastic surfaces. Unfractionated or enriched spleen single-cell suspensions were suspended at 5 x 106 cells/ml in MEM containing 30~ FBS. The cells were added to 60 mm plastic tissue culture dishes with 2 mm grid (Costar; cat. no. 3160) at 3 ml/plate. The cells were incubated undisturbed for 24 or 48 h, at 37 °C, in a humidified atmosphere with 7~ CO2. After this incubation the non-adherent cells were removed by washing the plates vigorously several times with warm MEM containing 30~ FBS. The plates containing the adherent cells were coated with Big cells. A representative number of plates was not coated with indicator cells and the adherent ceils were fixed and stained with either non-specific esterase or haematoxylin and eosin. The cells contained in a standard area of the plates were counted and the total number of adherent ceils per plate was calculated. At least 90~ of the adherent cells were macrophages, as indicated by cytochemical staining and morphology. The plates in which the adherent cells were co-cultured with Big cells were screened periodically for foci of viral c.p.e., as previously described.
Immunocytolysis. Specific lysis of B cells was performed in cell suspensions which had been enriched for B lymphocytes by nylon wool filtration or 'panning' of T cells. A sample of 1.2 x 107 cells was pelleted and resuspended in 1 ml of an anti-rabbit immunoglobulin (IgA + IgG + IgM) goat serum (Cappel Laboratories; cat. no. 0112-0231) diluted 1:5 in phosphate-buffered saline (PBS). The cells were incubated at 4 °C for i h with periodic shakings of the reaction mixture. After this incubation, 1 ml of low-toxicity guinea-pig complement (Cedarlane Laboratories, Hornby, Ontario, Canada; cat. no. CL4051) diluted 1:4 in HBSS was added and incubated for 30 min in a 37 °C water-bath. The viability of the treated cell suspension was evaluated by trypan blue dye exclusion. This procedure specifically killed 50 to 75 ~ of cells in B-enriched populations.
Membrane immunofluorescence of lymphoid cells. The evaluation of the percentage of B cells in the rabbit cell
suspensions was performed by cell surface fluorescent staining with a 1 : 10 dilution of fluorescein isothiocyanate (FITC)-conjugated anti-rabbit IgM %t chain-specific) sheep IgG fraction (Cappel Laboratories; cat. no. 1212-0204) . The T cell evaluation was performed by two-step staining using a 1/200 dilution of monoclonal antibody Lll/135 as the first antibody and a 1:25 dilution of FITC-conjugated goat anti-mouse IgG F(ab')2 (Cappel Laboratories; cat. no. 1311-0081) as the second antibody. The percentage of each cell type was calculated by counting a representative number of cells (150 or more).
Peritoneal exudate cell (PEC) collection. Rabbits infected with Movar 33/63 bovine herpesvirus were injected intraperitoneally with 20 ml of aged 3 ~ thioglycollate medium (Difco). Five days later the animals were sacrificed by anaesthesia and exsanguination. After exposing the peritoneal cavity, the PEC of the rabbits were collected by extensive and vigorous rinsing of the peritoneum with a total of 250 ml PBS (containing 10 IU heparin per ml) per animal. The cells were pelleted, resuspended and washed twice in MEM containing 20 to 30% FBS. The PEC were counted by trypan blue dye exclusion, and smears of these cells were stained and fixed for morphological and cytochemical identification.
The quantification of infectivity of PEC was performed as described for spleen cell populations. The PEC population typically consisted of 40 to 50~ mononuclear esterase-positive cells, 40 to 50~ polymorphonuclear cells and 10 to 20~ lymphocytes.
Macrophage identification. Macrophages present in the unfractionated spleen cell suspensions or in the enriched populations were identified by non-specific esterase staining and by ultrastructural features. The slides for esterase staining were prepared by centrifugation of the cell suspension onto the slides and subsequent air-drying. The staining was performed as described by Koshi et al. (1976) . For ultrastructural examination, the cells were pelleted by centrifugation and the cell pellets were fixed and prepared for electron microscopic examination.
To test phagocytic function in the non-T, non-B cell fractions, the cells were incubated with 0-05~ of a suspension of 1 ~tm polystyrene particles (Polysciences, Warrington, Pa., U.S.A.) for 45 min at 37 °C. After three washes with PBS, the cells were centrifuged on to slides and fixed and stained for esterase function.
RESULTS

Movar 33/63 tissue distribution after experimental inoculation of rabbits
Cell-free infectious virus was only detected in conjunctival secretions (from animals inoculated in the eye) and homogenates of buffy coat and spleen, with the highest titres being in the spleen. The virus was detectable in homogenates only up to 7 days after infection. Beyond this date, co-cultivation or explantation was required for virus detection. The early peak of extracellular infectivity in the spleen correlated with the highest number of infectious spleen cells, as measured by co-cultivation (Table I ). In the early period, the highest titre was 1 infectious cell per 105 spleen cells (animal 041, 3 days post-infection). The extent of infectivity decreased significantly after day 7 to much lower levels at which viral infectivity persisted for long periods (Table 1) . Virus was recovered from the explant cultures or co-cultures of all the organs tested during the early period (10 or fewer days post-infection). The earliest explants or co-cultures to produce infectious virus corresponded to the spleen samples taken at day 3, whereas the other organ explants shed virus when samples were taken at day 5 (lung, kidney and bone marrow) and day 7 post-infection (salivary glands and liver). This level of viral rescue decreased later during the 'persistent' infection period (> 4 weeks to < 49 weeks), in all the organs and blood cells, except the spleen. The spleen exhibited the highest infectious titres during the early period postinfection and virus was recovered from spleens in 100~o (n = 51) of the tested animals throughout the whole experiment (acute and persistent periods) (Table 1) . When performing cocultivation of spleen cells, the incubation time necessary for appearance of viral c.p.e, on the indicator Blg cells fluctuated from 4 to 8 days. This pattern was consistent throughout the entire 'persistent' infection period. Beyond day 7, disruption of the spleen cells by two cycles of freezing and thawing always precluded the detection of the infectious centres.
Of a total of 16 animals tested, the frequency of viral rescue from organs other than spleen, by explantation or co-cultivation, during the 'persistent' period was as follows: 50~ from bone marrow, 31 ~ from the lung, 31 ~ from the kidney, 25~ from salivary glands and 19~ from the liver.
Viraemia was detected during the early period post-infection as cell-free infectious virus associated with whole buffy coat cells. The Movar 33/63 titre in blood was consistently lower than in spleen (Table 1) . Beyond this 'acute' replication period, virus was rescued intermittently from buffy coat cells co-cultured with detector monolayers. Out of 16 animals tested (from 10 days to 49 weeks after infection), only six (about 40~) exhibited cell-associated viraemia. The titre of this periodic viraemia was always lower than the corresponding titre in the spleen of the animal (Table 1 ). The mononuclear cell bands obtained by density gradient centrifugation of peripheral blood did not exhibit an increased frequency of infectious cells (data not shown).
No histological evidence of injury was found in any of the organs assayed except that the spleens exhibited a substantially increased number of granulocytes. No concomitant splenomegaly was observed. No difference was detected in regard to the organ association and persistence of the virus between the animals inoculated by ocular instillation or by the i.v. route.
Infectivity of fractionated spleen cells Nylon wool filtration
The results of nylon wool filtration of spleen cells from rabbits infected with herpesvirus Movar 33/63 are presented in Table 2 . The nylon wool was effective in concentrating B cells, as is apparent from the percentages of cells bearing surface immunoglobulin (sIg + cells) in the nylon wool-adherent fractions compared with the original spleen suspension and the eluate fraction. Importantly, the nylon wool filtration also concentrated esterase-positive cells (Table 2) . Concomitant with the enrichment for B cells and macrophages, the nylon wool-adherent fraction was enriched for infectious cells, as is apparent from the data in Table 2 . The nylon wool non-adherent fractions contained only slight residual infectivity or none at all.
Affinity chromatography columns
The affinity chromatography on polystyrene beads coated with a B cell ligand allowed separation of adherent fractions which contained approximately 80~o of sIg + cells from spleens of infected animals. No concomitant enrichment of infectious cells could be detected in these fractions. The frequency of infectious centres was essentially the same in both adherent and nonadherent fractions (data not shown).
Solid-phase affinity ligand separation ('panning')
The results of T and B cell 'panning' in spleen cell suspensions obtained from infected rabbits are given in Table 3 . A typical B-enriched fraction obtained after two successive cycles of 'panning' consisted of at least 70~ lymphocytes, of which more than 98 ~ were sIg + cells and contained a negligible amount of T-cells (as detected by surface fluorescence). The remaining 30~ corresponded mostly to macrophages (esterase-positive cells) and other non-lymphoid contaminating cells (e.g. polymorphonuclear and fibroblast-like cells). Likewise, a T-enriched fraction contained approximately 70~o lymphocytes, of which more than 98~ were L11/135-positive (T) cells with only a few B cells. The remaining 30~ consisted primarily of macrophages plus some polymorphonuclear and fibroblastic cells. Both B-and T-enriched fractions exhibited a substantially higher proportion of infectious cells than did the whole spleen cell suspensions. The increase in the infectious titre of the enriched fractions with respect to the original titre ranged from almost twofold to severalfold. (Table 3) . These non-T, non-B cell fractions consisted of 75 to 80~ esterase-positive cells with no more than 5~ of lymphoid cells. By fluorescence identification, it was determined that these suspensions did not contain more than 1 ~ residual T or B lymphocytes.
Removal of the B cells from B-enriched fractions or the T cells from T-enriched fractions significantly increased the infectivity titre of the resulting non-T, non-B cell fractions
Pure T cell suspensions
Highly infectious T-enriched fractions which had been obtained by 'panning' as described were submitted to two cycles of nylon wool filtration. The final eluate contained 99~ or more T lymphocytes, with negligible esterase-positive cells or other non-lymphoid cells. These pure T cell preparations contained no infectious centres (data not shown).
Immunocytolysis
After obtaining a B-enriched fraction by 'panning', a sample of this population was submitted to selective killing of B cells by immunocytolysis targeted to these cells. In three different assays (Table 4 ) the efficiency of cell killing by goat anti-rabbit Ig with complement ranged from 55 to 65~. A surface fluorescence test after the cytolysis treatment showed that residual slg ÷ cells amounted to < 10 ~. A second identical sample of B-enriched cells was submitted to a total cell disruption treatment by two consecutive cycles of freezing and thawing. The selective killing of B cells did not impair further virus rescue, whereas killing of all of the cells completely precluded the virus reactivation (Table 4) . Table 5 shows the infectivity associated with plastic-adherent and non-adherent cells from spleens of infected rabbits. By incubating the spleen suspension (5 × 106 cells/ml) for 48 h on the plastic surface, approximately 3 × 104 to 5 × 104 cells adhered to a 60 mm plate from 3 ml of suspension. Under these conditions, it was possible to detect virus carried in the adherent cells only when the infectivity titre of the suspension coated was high (Table 5 ). The virus was detected easily in the spleen adherent fraction of acutely infected (under 5 days post-infection) rabbits, as well as in persistently infected rabbits which displayed high infectivity titres in their spleen cell suspensions. Likewise, when highly infectious, non-T, non-B cell fractions obtained by 'panning' of spleen cells were separated into adherent and non-adherent populations by 24 h incubation on plastic surfaces, the infectivity was distributed evenly in both fractions (Table 5) . Table 6 shows the infectivity associated with PEC fractions. The PEC from persistently infected rabbits contained large numbers (50 ~) of macrophages which were positive by esterase staining, had highly vacuolated cytoplasms and adhered strongly to plastic or glass surfaces after only 2 h incubation. There was no evidence of a higher frequency of infectious cells in these PEC.
Plastic-adherent cells
Peritoneal exudate cells
Morphological and junctional aspects of the highly infectious non-T, non-B fractions
An ultrastructural examination of the cells constituting the highly infectious non-T, non-B fraction showed that the vast majority (85 ~ of cells examined) had features compatible with splenic macrophage origin. Many of these cells contained irregular, electron-dense inclusions, lysosomal granules, cytoplasmic filaments, and phagocytic vacuoles with heterogeneous content. Pseudopodia and phagocytic arms were very abundant. Besides macrophages, a small proportion of polymorphonuclear cells, lymphoid cells and cell debris were present.
The ultrastructural observations correlated with the esterase staining reaction of the non-T, non-B suspensions which showed that >/80~ of the cells were positive for esterase. No more than 2~ of the cells were spindle-shaped esterase-negative fibroblasts. The assay of phagocytosis of latex particles indicated that at least 60 ~ of the cells phagocytosed particles. All of the cells that phagocytosed latex particles were esterase-positive. The intravesicular location of the latex particles was confirmed by electron microscopy. The adherent and non-adherent fractions of the highly infectious non-T, non-B cell suspensions were similar as regards their macrophage content, as indicated by morphology and phagocytic functions. No evidence of herpesvirus particles or inclusions could be detected in the non-T, non-B fraction by either light or electron microscopy.
DISCUSSION
In general, the features of the experimental inoculation of rabbits with the bovine herpesvirus Movar 33/63 mimics the infection in the natural host (Osorio & Reed, 1983) . It seems apparent that when Movar 33/63 is inoculated into rabbits the spleen constitutes the primary organ of replication and persistence.
The splenic association resembles the lymphoreticular tropism of murine cytomegalovirus (MCMV) (Henson et al., 1972; Jordan & Mar, 1982) , and guinea-pig cytomegalovirus (GPCMV) (Griffith et al., 1981) . Peaks of infectivity in spleen homogenates of mice infected with MCMV have been reported to occur between days 4 and 7 with further detection of the cellfree virus infectivity until almost 1 month after infection (Wise et al., 1979; Katzenstein et al., 1983) . Likewise, these peaks of infectivity during MCMV infection of mice are accompanied by a relatively intense splenic necrosis (Mims & Gould, 1978a; Katzenstein et al., 1983) and are usually followed by a shift of the active replication site of MCMV from the spleen to the salivary glands (Wise et al., 1979) and to the liver (Katzenstein et al., 1983) , with concomitant histopathological evidence of MCMV activity in those organs. In these cases, the salivary gland homogenates of mice infected with MCMV can be infectious for long periods of time (Henson et al., 1972; Jordan et al., 1977) . In our experiments with herpesvirus Movar 33/63 inoculated into rabbits, no evidence of virus-induced histological injury could be detected in any organ and no active replication of virus took place in the salivary glands or liver of the animals. Nevertheless, these differences conceivably could be because our experiments were carried out with a cell culture-propagated strain of herpesvirus Movar 33/63 inoculated into an experimental host (which can be less permissive than the natural host). It is well-known that passage of MCMV or GPCMV in cell cultures rapidly decreases the ability of these viruses to replicate and to produce histological lesions in organs (Osborn & Walker, 1970; Tenser & Hsiung, 1976) . It would be of interest to determine if back-passages of herpesvirus Movar 33/63 through cattle (or rabbits) would increase the organ involvement and histopathological features of the infection as is the case with MCMV and GPCMV.
From our data showing that infectious virus is recovered exclusively from homogenates of spleen and buffy coat (regardless of the variety of organs with which infectivity is associated) it could be concluded that herpesvirus Movar 33/63 actively replicates in the spleen (and to some extent in peripheral blood leukocytes) and that in association with infected leukocytes the virus travels to the different organs, in which no detectable further replication occurs, but in which the infectivity remains associated with cells. The cell association, low titre and intermittent nature of the persistent viraemia would give support to such hypothesis. It remains to be seen whether the infectivity rescued from each of the organs (other than spleen) represents a true infection of the cells composing the different organs or whether it represents association of the virus with a single ubiquitous type of migratory infectious cell carried in the circulation.
Cell integrity was a requirement for virus rescue beyond the 'acute' early period post-infection although the time necessary to recover infectious herpesvirus Movar from spleen cells was significantly shorter than the reported incubation times of ~> 10 days (Henson et al., 1972) or 12 to 18 days (Jordan & Mar, 1982) required to detect reactivated MCMV. However, the Movar 33/63-infected spleen cells still fulfil the commonly used operational definition of latent infectious centres (Hudson et al., 1978) , as they seem to contain virus genomes that can be rescued and will produce free infectious virus when assayed as whole viable spleen cells, but if disrupted prior to incubation no infectious virus will be released. Whether the differences between the required incubation periods for reactivation of MCMV and herpesvirus Movar 33/63 actually reflect a different stage of latency of the viruses in their target cells, or should only be assigned to methodological differences is still not known.
Our data on spleen cell separation suggest that splenic macrophages might be the site of acute replication and persistence of herpesvirus Movar 33/63. Support for this comes from the following observations: (i) the virus resides in the non-T, non-B spleen cell subpopulation; (ii) the infectious cell is plastic-and nylon wool-adherent; (iii) more virus is contained in cell preparations highly enriched in esterase-positive cells; (iv) no virus was rescued from purified T cell suspensions; (v) selective killing of B cells in a highly infectious B-enriched fraction did not impair virus rescue, suggesting that the B cells of the spleens of rabbits infected with Movar 33/63 do not harbour the virus. The infectivity was associated with both adherent and nonadherent non-T, non-B spleen cells, and morphological and functional tests showed that no differences existed between these fractions, which were composed primarily of macrophages. This is in agreement with a report that rabbit spleen is rich in non-adherent macrophages (Sogn & Jackson, 1983) . Both GPCMV (Griffith et al., 1981) and MCMV (Brautigam et al., 1979; Booss, 1980; Katzenstein et al., 1983) were found to infect, replicate in and persist in different types of macrophages of inoculated animals. Several authors have reported that MCMV can replicate in vitro in mouse macrophage-enriched cell fractions with relatively high (Tegtmeyer & Craighead, 1968 ; Brautigam et al., 1979; Shanley & Pesanti, 1980) or low (Loh & Hudson, 1979; Shanley & Pesanti, 1983) efficiencies.
We cannot rule out the possibility of the herpesvirus Movar 33/63 being harboured in a different, as yet undefined, non-T, non-B splenic cell. For instance, we have to consider that in a non-T, non-B cell population, natural killer (NK) as well as non-phagocytic dendritic cells can be present. Also, the highly infectious non-T, non-B fractions obtained in our experiments contained a few polymorphonuclear cells. Our data indicate that the infectious cells are plasticand nylon wool-adherent. This would suggest that the cells carrying virus are not NK cells, as these are not properties of this cell type (Timonen, 1982/83) . Likewise, during our experiments we obtained preparations of bone marrow cells or PECs which were highly enriched in polymorphonuclear cells. These cell suspensions exhibited significantly lower infectious titres than the cells of the same animal's spleen, an organ in which the percentage of polymorphonuclear cells is much lower. This would help to rule out the possibility of the shortlived polymorphonucle~r cells being the target for persistent herpesvirus Movar 33/63. We lack information about the existence of a putative dendritic celt in rabbit spleen. This cell type has been described as a non-phagocytic, temporarily adherent cell that constitutes 1 ~ of the murine spleen cells (Steinman et al., 1979) . It is interesting that this newly defined spleen cell type has been proposed as a possible site of MCMV in vivo replication (Mims & Gould, 1978a) and persistence (Mims, 1982) .
Our failure to demonstrate infectivity in activated peritoneal macrophages does not necessarily contradict the results supporting the association of Movar 33/63 with splenic macrophages. There are significant biochemical and functional differences between migratory activated macrophages and the resident spleen mononuclear phagocytic cells (Morahan, 1980) . In addition to conflicting reports on the permissiveness of activated peritoneal macrophages for MCMV (Mims & Gould, 1978b; Brautigam et al., 1979) , it seems apparent that subpopulations of macrophages differing in their state of differentiation vary in their permissiveness for herpesvirus and their ability to prevent infection by these agents (Plaeger-Marshall et al., 1983 ). An alternative explanation for the lack of infectivity of peritoneal macrophages could be that the thioglycollate activation brings into the peritoneal cavity large numbers of cells of the monocyte macrophage series, coming almost exclusively from the circulation (Metzner, 1981) . Viraemia of persistently infected rabbits was, in our experience, an inconsistent finding, with very low infectious titres or complete absence of infectious cells in the buffy coat. Because of this, it is possible that recruitment mostly of circulating macrophages failed to show increased infectivity associated with peritoneal exudate cell fractions.
Attempts to infect mice of inbred and outbred strains with Movar 33/63 were fruitless (unpublished results). It is interesting that the Movar 33/63 strain is able to infect rabbit, which is a non-related heterologous host. Although classically host restriction is accepted as one of the more consistent features of cytomegaloviruses (Roizman et al., 1981) , exceptions to this criterion are known to exist for virus replication in vitro in primary cell cultures (e.g. equine CMV and GPCMV replication in rabbit cell lines) (Ho, 1982) . It is possible that the in vivo host range of many non-human CMVs is broader too, but that this has merely gone undetected.
The importance of the results reported here becomes apparent when we consider the ability of the Movar 33/63 strain of cytomegalo-like virus to interact with a host and, as a result of this, to establish an infection of the macrophages which can then function as a continuous reservoir of the agent. It will be of interest to determine the consequences of this persistent infection of macrophages with regard to the important immunoregulatory functions of these cells. This certainly could help to elucidate the role of these ubiquitous herpesviruses in bovine disease.
